###### Strengths and limitations of this study

-   This study used a unique combination of national register and survey data.

-   There was complete coverage of sickness absence (\>14 days) and disability pension.

-   Clear temporal relationship: sickness absence occurred before the collection of survey data (health behaviours).

-   The relatively small sample was a limitation leading to insufficient power for discordant twin analyses.

-   The poor health behaviours, especially alcohol use, had internal missing which consequently lead to low precision.

Introduction {#s1}
============

The burden of sickness absence (SA) in Sweden and many other Western societies is a growing public health problem[@R1] and the costs to society are high.[@R3] Although SA is meant to give the individual time to heal, there are also negative side effects such as lower income, as well as social and psychological consequences in terms of feeling isolated and powerless.[@R4] For most people, SA is a temporary situation, but a small percentage do not re-join the labour force but instead permanently exit the labour market through disability pension (DP).[@R6]

Previous investigations of risk factors for transitioning from SA to DP show that higher age, being a woman, musculoskeletal and mental disorders, and lower socioeconomic status are important predictors.[@R7] However, less is known about the impact of poor health behaviours, such as smoking, alcohol consumption and physical inactivity, although indications exist that these behaviours increase the risk of SA and DP.[@R11] Smoking is a major risk factor for ill health[@R12] and is associated with a higher risk of SA[@R13] and DP.[@R15] Alcohol consumption is known to be associated with both higher frequency of SA and longer SA duration,[@R15] though one study showed that alcohol intake tended to decrease rather than increase after SA.[@R17] Being physically inactive during leisure time has been shown to be linked with a higher risk of SA[@R18] and DP.[@R20] A review of intervention studies has shown that physical activity, such as resistance training and moderate to vigorous physical activity can reduce SA, though the evidence is limited.[@R22] However, not all physical activity is protective as occupational physical activity can lead to a higher risk of SA,[@R23] indeed the more exposed a person is to lifting and kneeling the more likely they are to become SA.[@R24]

Poor health behaviours also tend to cluster.[@R25] Smoking (nicotine dependence) has been shown to be associated with alcohol abuse disorders,[@R26] and a study with an exceptionally long follow-up of 35 years showed that being a smoker can increase the risk of remaining or becoming physically inactive.[@R27] Furthermore, having multiple poor health behaviours increase the risk of DP due to musculoskeletal disorders, though only after adjustment for familial factors (genes and shared environment). The results for DP due to other diagnoses (mental and circulatory system diagnoses) were less clear and interaction analyses showed a complex relationship between the different health behaviours and DP.[@R28] Also, a couple of reviews suggest that interventions that target multiple health behaviours at once might be more effective than interventions for a single behaviour,[@R29] although not related to SA or DP specifically. However, further investigations are needed, more specifically into whether poor health behaviours influence the transition from SA to DP.

The aim of this study was to investigate the associations between three poor health behaviours (smoking, alcohol consumption and low physical activity) and the transition to DP among people who have recently been sickness absent. The poor health behaviours were explored as separate risk factors but also as a sum score of poor health behaviours.

Methods {#s2}
=======

This was a prospective twin cohort study based on data from the Swedish Twin project Of Disability pension and Sickness absence (STODS) which includes survey and national register data. Twins born between 1959 and 1985 were invited to answer the web-based questionnaire Study of Twin Adults: Genes and Environment (STAGE) in 2004--2006 conducted by the Swedish Twin Registry (STR).[@R31] In total, 25 496 twins answered the STAGE survey and baseline was set on the date that each participant answered the questionnaire.

Participants {#s2-1}
------------

We included those that had been sickness absent (\>14 days) at least once during the year preceding baseline (n=2054). We excluded those who at baseline had emigrated (n=1) or were on DP (n=62). The final sample included in total 1991 twins (see [figure 1](#F1){ref-type="fig"}). By using this design, we ensured that the information on health behaviours was collected after the participants had been sickness absent.

![Flow chart of the study participants.](bmjopen-2019-031889f01){#F1}

Registers used {#s2-2}
--------------

Data were obtained from the following national registers: (1) *MiDAS* held by the National Social Insurance Agency contains information on SA and DP including diagnosis, duration and grade. (2) *LISA* held by Statistics Sweden contains information on old age pension, work status and education.[@R32] (3) *Cause of death register* held by the National Board of Health and Welfare contains information on the date of death. The data from these registers and questionnaire data were linked using the Swedish 10-digit personal identification number.

Swedish social security system {#s2-3}
------------------------------

All individuals in Sweden above the age of 16, with an income from work or unemployment benefits, can receive sick leave benefits paid by the Social Insurance Agency when disease or injury has caused reduced work capacity. Employees receive sick pay from their employers during the first 14 days after a qualifying day without benefits (self-employed usually have more qualifying days). After this period, the employees receive up to 80% of lost income from the Social Insurance Agency. Unemployed individuals have one qualifying day and receive sick pay from the Social Insurance Agency from the second day. Duration of SA was calculated in net days, that is, taking into account the occurrence of part-time SA.

A national social security DP scheme covers all citizens in Sweden, and to be eligible for disability pension benefits, a medically confirmed disorder or injury is required that permanently reduces work capacity by at least 25%. The Social Insurance Agency can grant a DP that covers about 65% of lost income based on a thorough assessment of the level of work incapacity.

Twin data {#s2-4}
---------

Data from twins are completely comparable with that of the general population but have the advantage of allowing for adjustment and exploration of familial factors, that is, shared environment and genetics. However, in this study, we did not have enough power to use the twin design. However, all models were corrected for the non-independence of the twin pairs and adjustments were made for zygosity.

Health behaviors {#s2-5}
----------------

The questions: "Have you ever smoked or used snuff?", "Do you currently smoke cigarettes?" and "Do you currently smoke cigarettes occasionally or at parties" were used to categorise the respondents into *never*, *former* or *current smoker* (of cigarettes) with *never smoker* set as the reference group. Note that those that used snuff (oral tobacco) were not classified as smokers. Detailed questions of alcohol consumption, which included type, amount and frequency, were summarised into *≤* *100 g per week* or *\>* *100 g per week*, according to recently suggested cut-offs,[@R33] and the *≤* *100 g per week* was used as a reference. Participants were asked to rate their current total physical activity level including occupational physical activity, housework, transportation, exercise and other leisure-time physical activity.[@R34] Physical activity was rated on a scale from 1 to 10, where 1=very low (mainly sedentary), 5=moderate physical activity (a few walks per week) and 10=very high (sports/jogging several times a week). We collapsed the scale into *1--4* (*sedentary/low*), *5--6* (*moderate*), *7--8* (*high*) and *9--10* (*vigorous*).

Furthermore, we made a sum score of poor health behaviours in which we added up the three health behaviours to capture the total number. For this sum score, the physical activity was dichotomised into 1--6 and 7--10. In addition, the categories of former and never smoker was collapsed. The total health behaviour score could, therefore, take values from zero poor health behaviours to three poor health behaviours.[@R28]

Disability pension {#s2-6}
------------------

The participants were followed up for all-cause DP from baseline to 31 December 2012. Participants were censored for death and emigration. Emigration date was set at the beginning of the first of the 2 years that were missing in the LISA register.

Covariates {#s2-7}
----------

Other covariates from the questionnaire were marital status (married/cohabiting or other), height in metres (m) and weight in kilograms (kg) which were used to calculate the body mass index (BMI, kg/m^2^). Sex and age (at the time of the STAGE interview) came from the STR. Information on education (elementary, secondary or higher education), having children under 18 living at home (yes/no) and type of living environment (urban or semi-urban/rural) were obtained from the LISA register.

Statistical analyses {#s2-8}
--------------------

The association between each health behaviour and DP was estimated using Cox proportional-hazards regression analyses. The results were presented as HRs with 95% CIs. The unit of the follow-up time was days and analyses were conducted with censoring for DP (outcome), emigration, date of death or end of study, whichever came first. The proportional-hazard assumption was explored via global test and graphs. The global test for physical activity was significant (p=0.048). We tested the fit of the model with and without time-varying covariates, but the fit was very similar, although slightly better without, based on Akaike Information Criterion, hence those results are presented. The crude model included each health behaviour and the poor health behaviour sum score, respectively. The following models were then adjusted for age, zygosity (model 1), education, children under 18 living at home, marital status and type of environment (model 2); each model was adjusted for what was included in the previous models. In models 1 and 2, all HRs were based on stratification by sex to allow men and women to have their own baseline hazards. Each model included only those participants who had complete data on each health behaviour and confounders (see [figure 1](#F1){ref-type="fig"}). Furthermore, we did sensitivity analyses where we adjusted for BMI and the other two health behaviours, respectively, as well as using another method of classifying alcohol use, that is, 9 standard drinks for women and 14 drinks for men per week.[@R35] These yielded similar results as other models hence we chose not to report the results (data not shown).

In all the models, the SEs were adjusted for pair identity to consider the within-pair correlations. Analyses were conducted using STATA IC V.12.1 and the significance level was set at α=0.05.

Sensitivity analyses where we first added BMI and then the other two health behaviours to the models yielded similar results. Furthermore, we explored using other cut-offs for alcohol including 9 standard drinks for women and 14 drinks for men per week. The results were similar though the estimates were slightly stronger (data not shown).

Patient and public involvement {#s2-9}
------------------------------

The study participants or the general public were not involved in decisions about the research question, the design of the study, the outcomes, the conduct of the study, the drafting of the paper nor in the dissemination of the study results.

Results {#s3}
=======

Most participants (80.4%) had been on SA for less than 90 net days before the baseline, while 8.3% had been on SA for 91--180 net days and 11.3% had 181 net days or longer SA. Of the 1991 individuals on SA at the baseline, 124 (6.2%) went on DP during follow-up. The incidence rate per 100 person years was 35.4 (95% CI 29.7 to 42.2). The average duration of follow-up was 5.2 years. The majority were women (72.4%) and the mean age was 34.7 years (SD 6.7). Around one-fifth were current smokers, 14.7% drank ≥100 g of alcohol per week and 14.8% were categorised as being sedentary or having low physical activity ([table 1](#T1){ref-type="table"}). Being a current smoker was associated with a higher risk of moving from SA to DP compared with a never smoker (HR 1.76; 95% CI 1.08 to 2.84). No statistically significant associations were found for the other health behaviours even though estimates were indicating that vigorous physical activity seems protective of DP compared with sedentary/low activity. For the poor health behaviour sum score, no statistically significant associations were found in the fully adjusted model. However, having multiple poor health behaviours showed a tendency for a higher risk of DP with an increased number of poor behaviours (HR three poor behaviours: 2.57; 95% CI 0.92 to 7.19)) compared with no poor health behaviours. Results are presented in [table 2](#T2){ref-type="table"}.

###### 

Baseline characteristics of the 1991 study participants with a sick leave spell during the inclusion period

                                    All           No DP         DP
  --------------------------------- ------------- ------------- -----------
  Age (mean±SD)                     34.7±6.7      34.6±6.7      36.7±6.3
  BMI (mean±SD)                     24.3±3.9      24.2±3.8      25.1±4.7
  Sex                                                            
   Men                              550 (27.6)    511 (27.4)    39 (31.5)
   Women                            1441 (72.4)   1356 (72.6)   85 (68.6)
  Education                                                      
   Elementary                       152 (7.6)     137 (7.3)     15 (12.1)
   Secondary                        1205 (60.5)   1126 (60.3)   79 (63.7)
   Higher education                 634 (31.8)    604 (32.4)    30 (24.2)
  Marital status                                                 
   Married/co-habiting              1228 (61.7)   1160 (62.1)   68 (54.8)
   Single                           447 (22.5)    411 (22.0)    36 (29.0)
   Missing                          316 (15.9)    296 (15.9)    20 (16.1)
  Children \<18 living at home                                   
   No                               659 (33.1)    608 (35.6)    51 (41.1)
   Yes                              1332 (66.9)   1259 (67.4)   73 (58.9)
  Type of living area                                            
   Urban                            527 (26.5)    1381 (74.0)   83 (66.9)
   Semi-urban/rural                 1464 (73.5)   486 (26.0)    41 (33.1)
  Smoking                                                        
   Never                            750 (37.7)    712 (38.1)    38 (30.7)
   Former                           405 (20.3)    384 (20.1)    21 (16.9)
   Current                          378 (19.0)    341 (18.3)    37 (29.8)
   Missing                          458 (23.0)    430 (23.0)    28 (22.6)
  Alcohol                                                        
   \<100 g per week                 793 (39.8)    756 (40.5)    37 (29.8)
   ≥100 g per week                  293 (14.7)    277 (14.8)    16 (12.9)
   Missing                          905 (45.5)    834 (44.7)    71 (57.3)
  Physical activity                                              
   Sedentary/low                    295 (14.8)    273 (14.6)    22 (17.7)
   Moderate                         420 (21.1)    392 (21.0)    28 (22.6)
   High                             441 (22.2)    414 (22.2)    27 (21.8)
   Vigorous                         201 (10.1)    194 (10.4)    7 (5.7)
   Missing                          634 (31.8)    594 (31.8)    40 (32.3)
  Poor health behaviour sum score                                
   None                             261 (13.1)    252 (13.5)    9 (7.3)
   One                              360 (18.1)    342 (18.3)    18 (14.5)
   Two                              157 (7.9)     145 (7.8)     12 (9.7)
   Three                            56 (2.8)      50 (2.7)      6 (4.8)
   Missing                          1157 (58.1)   1078 (57.7)   79 (63.7)

Only questionnaire data have missing values as the registers have complete coverage.

BMI, body mass index; DP, disability pension.

###### 

Results from the crude and adjusted Cox regression models of the associations between poor health behaviours and disability pension (DP) among participants with a sick leave spell during inclusion period, HRs with 95% CIs

                                            Crude model                        Model 1                            Model 2
  ----------------------------------------- ---------------------------------- ---------------------------------- ----------------------------------
  Smoking (n=1533)                                                                                                
   Never                                    Ref                                Ref                                Ref
   Former                                   1.02 (0.60 to 1.73)                1.04 (0.60 to 1.78)                0.99 (0.57 to 1.70)
   Current                                  **2.00 (1.27 to** **3.14** **)**   **2.11 (1.33 to** **3.35** **)**   **1.76 (1.08 to** **2.84** **)**
  Alcohol (n=1086)                                                                                                
   \<100 g per week                         Ref                                Ref                                Ref
   ≥100 g per week                          1.21 (0.67 to 2.18)                1.12 (0.62 to 2.05)                0.96 (0.54 to 1.74)
  Physical activity (n=1357)                                                                                      
   Sedentary/low                            Ref                                Ref                                Ref
   Moderate                                 0.92 (0.52 to 1.62)                0.91 (0.52 to 1.60)                0.94 (0.53 to 1.65)
   High                                     0.83 (0.47 to 1.46)                0.79 (0.45 to 1.40)                0.77 (0.43 to 1.36)
   Vigorous                                 0.47 (0.20 to 1.10)                0.44 (0.19 to 1.04)                0.44 (0.18 to 1.04)
  Poor health behaviour sum score (n=834)                                                                         
   None                                     Ref                                Ref                                Ref
   One                                      1.52 (0.69 to 3.35)                1.48 (0.66 to 3.29)                1.55 (0.71 to 3.36)
   Two                                      2.36 (1.00 to 5.58)                2.36 (0.95 to 5.81)                2.23 (0.92 to 5.42)
   Three                                    **3.33 (1.19 to** **9.33** **)**   **3.18 (1.13 to** **8.96** **)**   2.57 (0.92 to 7.19)

Model 1: Adjusted for age, zygosity as well as separate baseline hazard for men and women.

Model 2: Same as model 1 plus adjusted for education, children at home, marital status, type of environment.

The n applies to the crude models.

Statistically significant HR in bold.

Discussion {#s4}
==========

This study used both questionnaire and register data to investigate the influence of poor health behaviours on the transitions from SA to DP. Poor health behaviours, including smoking, high alcohol consumption and low levels of physical activity, are known to affect the risk of diseases and are therefore likely to affect whether people transition back to the labour market after a sick leave spell or permanently exit from labour market, that is, DP. In this study, we found that smoking was a relatively strong risk factor for the transition to DP after SA spells.

Being physically inactive is a risk factor for SA and DP[@R18] and is well established as a risk factor for poor physical and mental health.[@R36] Although no significant effects were seen in this study for physical activity, there was a tendency towards decreased risk of transitioning to DP with higher levels of physical activity. This finding is in line with a previous meta-analysis which indicate that lack of physical activity is associated with DP.[@R38] This result is also in line with previous studies that have found a dose-response between physical activity and DP[@R21] and SA,[@R18] and mortality.[@R39] However, a larger study population is needed to confirm our results. Nevertheless, low levels of physical activity seem to be a risk factor for SA and DP, respectively, and also seem to be of importance for the prognosis of DP among those with a history of SA.

High levels of alcohol consumption had no effect on the risk of transitioning from SA to DP. However, there could still be a risk associated with high consumption of alcohol that was not captured by this study. Being male and a heavy drinker has previously shown to be associated with a higher risk of SA,[@R40] and for both women and men a higher risk for DP.[@R41] In addition, a natural experiment showed that those that had more access to alcohol in adolescents were more likely to go on DP in adulthood.[@R42]

Poor health behaviours also tend to cluster.[@R43] In this study, we found that having multiple poor health behaviours showed a tendency for a higher risk of DP with an increased number of poor behaviours though the results were not significant in the fully adjusted model. A previous study on the additive effects of having multiple poor health behaviours on the risk of DP showed a complex interrelationship between health behaviours and different DP diagnoses.[@R28] In addition, earlier systematic reviews on the clustering of poor health behaviours suggest that interventions that target multiple health behaviours at once might be more effective than interventions for a single behaviour.[@R29] This leads to implications for clinical practice as the individuals' behaviour pattern needs to be a whole to prevent them from transitioning from SA to DP.

We attempted to run twin models, but these are based on twin pairs that are discordant on the exposure to be informative and the number of twin pairs in our data was not enough to get any meaningful results from these analyses. We have previously shown that familial factors, that is, genes and shared environment primarily while growing up, can play a role when studying associations between various exposures and SA[@R44] and DP.[@R45] Thus, a discordant twin pair analysis would have added a dimension beyond the analyses based on singleton populations. Moreover, in some previous studies regarding associations between health behaviours and SA or DP, either BMI or obesity was included.[@R11] In this study, we were not focusing on BMI and the potential influence of BMI on the transition from SA to DP, but we considered body weight as a potential confounder. Sensitivity analyses included adjustment for BMI and the other health behaviours including smoking, physical activity and so on, but the adjustments had no effects on the estimates.

Strengths and limitations {#s4-1}
-------------------------

One of the main strengths of the study is the combination of survey and register data. Register data provided complete coverage of SA longer than 14 days as well as coverage of DP with an average follow-up of 5.2 years. However, register data do not include data on health behaviours which is where survey data is an advantage. In this study, it was important to know exactly which came first, the health behaviour or SA, and as there was precise information on when the survey data were collected and when the SA spell began, we could explore how health behaviour *after* SA affects the transition to DP.

However, the design of the study was not without drawbacks. Since we restricted to those that had been on SA in the year preceding the survey, the sample was small, leading to insufficient statistical power for the discordant twin analyses. The missing was especially problematic on the health behaviour sum score. Analyses on those that were missing on the poor health behaviour sum score showed that they were younger (34.1 vs 35.6 years p=0.00) and more likely to be women (p=0.04). But no statistically significant differences were found regarding education, marital status and DP. As for the separate health behaviours, alcohol consumption had the highest proportion of missing. Those that had missing information regarding alcohol were more likely to transition to DP (p=0.006); in other respects, the pattern was similar to the missing on the poor health behaviour sum score. Hence, we may have underestimated the true effect and it is therefore suggested that the analyses should be repeated in a larger sample if available. In addition, a larger sample would have allowed us to explore different diagnoses of SA and DP which might have been very informative as the impact of health behaviour could be different for different underlying diagnoses for SA/DP. Moreover, although the health behaviour data were collected after the SA episodes, it is likely that several of the health behaviours started much earlier in life for many participants. Thus, earlier and long-lasting poor health behaviours could be influencing both the risk of SA and DP. In this study, we have no information regarding when the behaviours started, hence we could not take this into account.

Our sample was rather homogeneous regarding alcohol consumption as demonstrated by the fact that no individuals were classified as abstainers, who have previously been shown to have a higher risk of SA.[@R40] We also explored different ways of defining high alcohol consumption taking sex into account. In such an approach, 9 standard alcoholic drinks was the cut-off for women whereas 14 drinks for men per week was used, but we found very similar results to those presented, though with slightly stronger effects. The questions on alcohol had a large proportion of internal missing which contributed to the low power for this measure. Questions on alcohol consumption are often considered as rather sensitive in nature which could have contributed to the high number of missing responses. In addition, social desirability bias might have influenced the respondents towards underreporting their consumption which might have led to misclassification of alcohol consumption.[@R46] The questions on alcohol were comprehensive though it might also have contributed to low response as the questions might have been perceived as overwhelming.

We chose a priori to define low physical activity as scoring 6 or lower on the physical activity question. This might be a rather high cut-off, as in the question a score of 5--6 was defined as being moderately active. However, people have been shown to overestimate their physical activity level in questionnaire data when compared with data from objective measurements,[@R47] possibly due to recall or social desirability bias.[@R46] It is therefore not unreasonable to expect that our measurement of physical activity would have inflated the true level of physical activity in our study population. Furthermore, the moderate group is very close to the estimate of none/low physical activity in the survival analyses of the separate health behaviours, while a larger jump was seen for the high physical activity category.

Conclusions {#s5}
===========

The transition from SA to DP was influenced by smoking, but physical activity also played a role. In addition, there might be additive effects of having multiple poor health behaviours, though further exploration is needed on larger samples. Supporting people on SA to improve their health behaviour might be a promising approach to prevent exit from the labour market through DP.
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